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I. INTRODUCTION

A. Motivation
The role of Distributed Generation (DG) units has become much more important with the deregulation of power industry. These units have been become an interesting option for Distribution Network Operators * Correspondence to: Alireza Soroudi, Department of Electrical Engineering, Sharif University of Technology, Tehran, Iran, e-mail:
(soroudi@ee.sharif.edu , alireza.soroudi@gmail.com). Azadi Ave., P. O. Box 11365-9363 Tel : (Office) +98 (21) 66165954 Fax : +98 (21) 66023261 2 (DNOs) to meet the requirements of their customers. The main point of deregulation is to split generation, transport and consumption of electrical energy between independent parties. Therefore, DG units installed nowadays are not owned by Distribution Network Operators (DNOs). DNOs typically only give permission for connection of DG units to distribution network (i.e. check whether DG unit satisfies technical requirements). Although in unbundled environment the DNO does not decide about the location and size of DG units but these quantities have direct impact on DNO's benefits. The DG planning problem (finding the optimal size and location) is a Mixed Integer Non-Linear Problem (MINLP). Generally finding the global optimal solution of a MINLP problem is a difficult task. Therefore the DNO needs a computation tool to deal with this problem. This paper presents a new methodology to answer this need.
B. Literature review
The DG units charge the flow of energy over the feeders of the distribution network by injecting active and reactive power to their interconnection node. The DG units may bring different benefits for Distribution Network Operators (DNOs) such as: shorter construction period [1] , network investment deferral [2] , active loss reduction [3] - [5] , environmental emission reduction [6] and reliability improvement [7] , [8] .
The benefits of DG units highly depend on the size and location of them in the network. Many methods have been proposed in the literature to find the optimal location and size of DG units in the network which have considered various technical aspects such as: voltage limits, feeder capacity limits and penetration level. Additionally, there are some regulatory issues which may change the potential benefits of DG units for DNOs. These frameworks are widely classified into two categories: DG owned and unbundled DNO [9] . In DG-owned DNO category, the DNO is allowed to perform DG investment. This gives DNO the opportunity to make decision about the size and location of DG units. The second category prohibits the DNO of DG ownership/investment. The DG units are installed and operated by DG owners. The main goal of DG operator/owners is maximizing its benefits. This can be used by DNO to identify the optimal location ans size of DG units as a guide for DG investors and steer their decisions. The DGowned category has been highly investigated in the literature like [2] , [10] , [11] . Few literature deal with 3 unbundled DNO like [12] - [14] . In [12] , a Kalman Filter algorithm is proposed to find the optimal size of DG units to reduce active losses. In [13] , a hybrid GA-OPF is proposed to find the size and location of a predefined number of DG units to increase the incentives received by DNO due to network reinforcement deferral and loss reduction. The Genetic Algorithm (GA) finds the connections nodes and the OPF finds the optimal size of DG units. In [14] , an ordinal optimization approach for reducing the search space of the proposed problem in [13] which shows improvement in the results.
C. Contribution
A heuristic method named Imperialist Competition Algorithm (ICA) is proposed to find the optimal size and location of DG units to maximize the benefits of DNO. The proposed algorithm is robust and computationally efficient in comparison with previously proposed methods of the literature.
D. Paper organization
This paper is set out as follows: Section II presents problem formulation, Section III sets out the proposed solution method for solving the problem. The application of the proposed model and the simulation results are presented in Section IV and finally, the The conclusion is drawn in Section V .
II. PROBLEM FORMULATION
The DG sizing and placement is done for a predefined number of DG units, i.e. N dg . The decision variables are the binary decision variable, i.e. ξ The power flow equations that should be satisfied for each sizing and placement scheme are as follows:
2) Operating limits of DG units : The DG units should be operated considering the limits of their primary resources, i.e.:
The power factor of DG unit is kept constant, as follows:
3) Voltage profile: The voltage magnitude of each bus should be kept between the operation limits, as follows:
4) Capacity limit of feeders:
To maintain the security of the feeders, the flow of current passing through them should be kept below their capacity limit, as follows:
Where, I ℓ is the current passing through feeder ℓ and I ℓ is the capacity limit of feeder ℓ. 
5) Number of installed DG units:
It is tried to find the optimal size and location of a predefined number of DG units in a given network. The total number of all installed DG units should be equal to a given number, i.e. N dg , as follows:
B. Objective Function
The proposed model maximizes the total benefits of DNO which is the sum of two incentives, namely, total incentive of network reinforcement deferral and total loss reduction incentive, as follows:
max {OF } subject to:
The values of incentives due to network reinforcement deferral and total loss reduction are formulated next.
1) Total incentive for active loss reduction:
Different schemes exist for considering the effect of loss reduction on the benefits of DNO. One of the appropriate models reported in the literature is calculating the difference between total loss of the system before and after DG placement [9] , [11] , [13] , [15] . In some models [11] , the DNO should pay/receive equal to the electricity price multiplied by amount of loss reduction/increase and in some models [9] , [13] , [15] a fix incentive, i.e. ψ, is paid to DNO for each MWh reduction of active losses . This paper uses the second model as follows:
Where, Loss nodg is the active loss when no DG unit is installed in the network. 
2) Total incentive for network reinforcement deferral:
The network investment deferral effect of DG units is one of the important technical and economical values of DG units for DNO. This effect is even known as "non-wire solution" [16] , to meet the load growth. One method for exact calculation of this deferral is integrated planning models [17] in which network reinforcement and DG planning are performed simultaneously. The other methods use simplifying assumptions by assuming that each MVA of installed DG reduces the need for reinforcing substation and feeders [13] , [15] . In this model, the incentive due to investment deferral in network is proportional to the total installed DG in the network, as follows:
Where, γ is the coefficient of incentive for each MW of installed DG units.
The objective function is calculated as follows:
The DG placement problem defined here is a mixed integer non-linear problem. Heuristic search methods have been successful in solving such problems. An ICA is proposed for solving the defined problem, in next section.
III. THE PROPOSED IMPERIALIST COMPETITION ALGORITHM
The Imperialist Competition Algorithm (ICA) was first proposed in [18] . It is inspired by the imperialistic competition. It starts with an initial population called colonies. The colonies are then categorized into two groups namely, imperialists (best solutions) and colonies (rest of the solutions). The imperialists try to absorb more colonies to their empire. The colonies will change according to the policies of imperialists.
The colonies may take the place of their imperialist if they become stronger than it (propose a better solution). This algorithm has been successfully applied to PSS design [19] and data clustering [20] . The flowchart of proposed algorithm is depicted in Fig.1 . The steps of the proposed Imperialist Competition Algorithm (ICA) are described as follows: 7 Step 1. Generate an initial set of colonies with a size of N c .
Step 2. Set Iteration=1.
Step 3. Calculate the objective function for each colony using (9) and set the power of each colony as follows:
This means the less OF is, the more stronger IP i is.
Step 4. Keep the best N imp colonies as the imperialists and set the power of each imperialist as follows:
Step 5. Assign the colonies to each imperialist according to calculated IP i .
Step 6. Move the colonies toward their relevant imperialist using crossover and mutation operators.
Step 7. Exchange the position of a colony and the imperialist if it is stronger (CP c > IP i ).
Step 8. Compute the empire's power, i.e. EP i for all empires as follows:
where w 1 and w 2 are weighting factors which are adaptively selected.
Step 9. Pick the weakest colony and give it to one of the best empires (select the destination empire probabilistically based on its power (EP i ).
Step 10. Eliminate the empire that has no colony.
Step 11. If more than one empire remained then go to Step. 6
Step 12. End.
IV. SIMULATION RESULTS
The proposed ICA methodology is programmed in MATLAB running on an Intel R Core TM 2 Duo
Processor T5300 (1.73 GHz) PC with 1 GB RAM. It is applied on a distribution system to demonstrate its abilities. The distribution network under study is a 11-kV, 69-bus system as depicted in Fig.2 . The technical data of this network can be found in [13] . All DG units are assumed to operate with constant power factor equal to 0.9 lag. The loss reduction incentive, i.e. ψ, and network deferral incentive,
i.e. γ, are highly dependent on the system under study but here for comparing the proposed method with the other published results, these are assumed to be 48
and 2.5
£ kW /year [13] - [15] , respectively.
The thermal capacity of lines, i.e. I ℓ , are assumed to be 3 MVA. The other simulation parameters are provided in Table. I.
The active loss of the network is 0.228 MW when no DG units exists in the network, i.e. loss nodg .
The simulations are done for different number of DG units (three, five, seven and nine) and the results obtained by proposed ICA method.
A. Determination of parameters for ICA
In this section the influence of ICA parameters on average total incentives are investigated (after 100 trials). The following procedure has been adopted to calculate optimum value of the mutation and crossover probabilities. Different colony sizes, i.e., N c , tried were 50, 80, 100, 150 and 200. For each colony size the crossover and mutation probabilities are increased from 0.1 to 0.9 in steps of 0.1 as described in Table II .
Performance the proposed ICA is evaluated for all the above-mentioned combinations. 100 independent trials have been made with 200 iterations per trial. The performance of the ICA also depends on number of colonies. In Table II the performance of the ICA is checked also for different number of colonies.
Based on the average total incentives obtained for different values of parameters given in Table II . This total incentive is more than the previously reported best result of 11.588 £/h [21] . After a number of careful experimentation, following optimum values of ICA parameters have finally been settled: N c = 100; crossover probability = 0.6, mutation probability=0.2 .
B. Comparing with other methods
The result obtained by proposed ICA method is compared with those of other methods: For classical method, the model is solved in Generalized Algebraic Modeling Systems (GAMS) [22] , which is a high-9 level programming platform, using DIscrete COntinuous OPTimization (DICOPT) solver. The evolutionary methods include Ordinal Optimization (OO) [14] , GA-OPF [13] , Particle Swarm Optimization (PSO) [23] , pure Genetic Algorithm (GA) [24] , Immune Algorithm [25] and Immune Genetic Algorithm (IGA) [21] .
The optimal sizing and placement schemes of each method are given in Table. III to VI, for different number of DG units. Execution time complexity of each optimization method is very important for its application to real systems. The execution time of the proposed ICA is compared with other methods in Table. VII. This table presents a comparison among the results of the proposed algorithm ICA and other methods for 100 random trials. In Table. VII, the best and the worst solutions of the maximized objective Table. VII that the running time of ICA is more than GAMS method. It should be noted that although this computation is off-line and will not be a serious problem for planner but can be reduced by using fast distribution load flow techniques [26] proposed in the literature. 
